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The origin of homochirality of biomolecules, such a&amino @ L oem jzem Zom | toam i 1oem i Soem
acids, has attracted the interest of a wide range of sciehfStght- _ ] | | '
and left-handed circularly polarized light (CPL) has long been pro- R p—— aom | ey | o
posed as one of the origins of chirality of organic compoufids. j 5 Y oem ; © 0 T @ o [t
The occurrence of strong letyg or rlght (r)-handed CPL_In nature Figure 1. CPL irradiation apparatus: (a) lamp house (Model UI502Q,
has been observed in a star formation region of the Orion constella- yshio): (b) 500 W ultrahigh pressure Hg lamp (Model USH-500SC, Ushio):
tion.® However, due to the very small anisotropy) factors of (c) collimator lens; (d) water layer (quartz cell, palf= 2 cm, transmittance
organic compounds, only very low<@%) enantioenrichment of ~ ati =313 nm (Tr)= ca. 100%); (e) interference filter for 313 nm (Model
organic compounds has been induced particularly in the initial stagesBPF313 JASCO, FWHM= 11 nm, Tr= 60%) or 296-390 nm solution

) 20 c4a I cd filter (1 = 2 cm, Tr= 17%, see ref 7); (f) polarizing filter (Model SPFU-
of asymmetric photolysi&;©‘photoequilibriunt®“and photosyn- 30C, Sigma Koki, Te= 17%); (g) quarter-wavelength plate (JASCO =t
thesigefby irradiation using CPE¢~ Meanwhile, we have reported 909, 99% CPL af = 313 nm); (h) reaction vessel (Model S15-SQ-10,
on asymmetric autocatalysis with an amplification of chirality, GL Science, Ix 1 x 4.5 cn®, Tr = 85%); (i) photometric measurement of
which enables the amplification of chirality from an extremely low 313 nm CPL ¢ 1.0 mW/cnf) was performed at this point using a photodiode
to near enantiopure=99.5% eefi We have reported on thedirect ]Eg/:oldi 2?33?]%#\/'5"" OPHIR as the head with a NOVA-II powermeter
correlation of the chirality of the CPL with the chiral compounds ' ] )
having a high enantiomeric excess in asymmetric autocatalysis, 3¢7eme 1. Short Pathway to Obtain a Near Enantiopure Com-

. . . . . pound by CPL Irradiation Followed by Asymmetric Autocatalysis
CPL-induced chiral compounds with a very low enantiomeric excess

of which the structures are different from those of asymmetric Asymmetric
. . . 4 N7 0H Autocatalysis Ny NoH

autocatalyst act as chiral initiators of asymmetric autocatafysis. A A
However, thadirectasymmetric synthesis of chiral compounds with tBu ;ypmh"al . ( B R

. . . . - - =l >99.5% ee
a high enantiomeric excess using CPL remains a challenge. N OH | asymmetric Nﬁ\jcz”"

. . . “ Photolysi: 7

Here, we report on a straightforward asymmetric synthesis of t_Bu/ N oo T " diprzn
near enantiopure >99.5% ee) compoundd by asymmetric et Nl/jj/oH k N o
photodecomposition qf racemic pyrlmldyl alkandl by CPL o Asymmetric {»Bu/(\s )“:
followed by asymmetric autocatalysis (Scheme 1). L™ Cryptochiral (s1.]  Autocatalysis >99.5% ee

The photochemical reactions were carried out using the apparatuswith three rounds of consecutive asymmetric autocatalysis as
shown in Figure 1. The light source was a 500 W ultrahigh pressure previously described (series B)In addition, when a 313 nm
Hg lamp. To produce the CPL, the parallel light was transmitted interference filter was used instead of a 2890 nm solution filter,
through a water filter to remove any infrared spectra, and then the the same correlation was observed, thati€PL gave R)-1 and
resulting parallel light was passed through an interference filter and I-CPL induced §-1 (series C and D). On CPL irradiation in afr,
a polarizing filter to generate linearly polarized light. Finally, by was photooxidized to afford isopropyl-5-pyrimidyl ketone in ca.
passing the light through a quarter-wavelength plate, botnd 10% vyield, and the irradiated pyrimidyl alkanblwas recovered
I-CPL was produced. in a yield of ca. 90% (series AD). It was also found that under
We found that asymmetric autocatalysis is triggered, indeed, by an argon atmosphere, photochemical reduétiohthe alkynyl
the enantioselective photolysis of racemic pyrimidyl alkanols by moiety of 1 on irradiation with CPL gave 2-alkenylpyrimidyl
irradiation with CPL, as shown in Table 1. In a typical run, a sample alkanof1°(E:Z = ca. 1:1) in 26-40% yield with a recovery ot
of a racemic pyrimidyl alkanol was divided into two parts, each  in ca. 50% (series E and F). The recovered 5-pyrimidyl alkdnol
of which was irradiated with- or I-CPL (A = 290-390 or 313 irradiated with r-CPL under an argon atmosphere gaw®- (
nm, respectively), and the photolyzate was concentrated in vacuo.pyrimidyl alkanol1 with an 82% ee (run E-1). On the other hand,
The entire residue was used as the asymmetric autocatalyst withoutl irradiated withI-CPL under an argon atmosphere catalyzed to
purification. The asymmetric autocatalysis of the irradiateudth form the opposite enantiomef){pyrimidyl alkanol1, with an 80%
r-CPL using 2-alkynylpyrimidine carbaldehy@eand diisopropy- ee (run E-2). These results were reproducible, thatr4€PL
Izinc (i-Pr,Zn) afforded R)-pyrimidyl alkanol1 with 65% ee (series provided R)-1, and I-CPL induced §-1 (series F). Thus, the
A, run A-1). In contrast, irradiation withCPL induced $)-1 with asymmetric photodecomposition of racemic pyrimidyl alkamhol
a 76% ee (run A-2). It should be noted that near enantiopure with CPL and the subsequent asymmetric autocatalysis afforded
pyrimidyl alkanolsl with >99.5% ee were obtained in conjunction the near enantiopure-09.5% ee) pyrimidyl alkanol with the same
t Tokyo University of Science. relationship e_xisting between the h_andedrjegs of the CPL and the
* Entropy Control Project, ICORP (JST). absolute configuration of the resulting pyrimidyl alkanol.
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Table 1. Asymmetric Autocatalysis using Cryptochiral Pyrimidyl

g F by asymmetric autocatalysis. This is the first example of asymmetric
Alkanol 1 Generated by Photodecomposition of Racemic 1 by CPL

autocatalysis triggeredirectly by a chiral physical factor. We are

5-pyrimidy! alkanol 1

handedness wavelength currently investigating asymmetric autocatalysis triggered by other
run®~ of CPL (nm) yield (%)° ee (%)' config chiral physical powers.
Al 2go_ggcr)ies A o o5 o Acknowledgment. This work was supported by a Grant-in-Aid
A | 500-390 92 76 S for Scnentlf_lc Research from The Ministry of Education, Culture,
Series B Sports, Science and Technology (MEXT).
B-1 r 290-390 98 >99.5 R Supporting Information Available: Preparation ofac-1, produc-
B-2 ' 290-390 99 >99.5 S tion of CPL, photodecomposition df, and asymmetric autocatalysis
o1 213 Series C o 73 R induced by cryptochiral are described. This material is available free
- r ; .
co | 313 89 % S of charge via the Internet at http:/pubs.acs.org.
Series D
D-1 r 313 95 69 R References
D-2 | 313 96 53 S (1) Mislow, K. Collect. Czech. Chem. Commu2003 68, 849-864. (b)
. Feringa, B. L.; van Delden, R. AAngew Chem, Int. Ed. 1999 38, 3418~
Series E 3438. (c) Girard, C.; Kagan, H. B\ngew. Chemint. Ed.1998 37, 2923~
E-1 r 313 94 82 R 2959. (d) Eschenmoser, /Sciencel999 284, 2118-2124. (e) Zepik,
E-2 I 313 93 80 S H.; Shavit, E.; Tang, M.; Jensen, T. R.; Kjaer, K.; Bolbach, G.;
Series I Leiserowitz, L.; Weissbuch, I.; Lahav, Nbcience2002 295 1266-1269.
F-1 r 313 92 71 R (f) Green, M. M.; Park, J.-W.; Sato, T.; Teramoto, A.; Lifson, S.; Selinger,
E-2 I 313 92 67 s R. L. B.; Selinger, J. VAngew. Chem.nt. Ed. 1999 38, 3139-3154.

a|n the same series (series—=#), a sample ofac-1 was divided into
two parts, and these were irradiated with eitleror I-CPL.? Unless
otherwise noted, a 0.1 M solution fc-1 in ethanol (1.0 mL) was irradiated
with CPL for a period of 4 days at 40C in the presence of air (without
degassing)¢ Unless otherwise noted, the irradiated sample was concentrated
in vacuo and was subjected to asymmetric autocatalysis without further
purification. 9 Molar ratio of cryptochirall:aldehyde2:i-Pr,Zn = 0.01:1.05:
2.15. Aldehyde2 and i-PrZn were added in three separate portions.
e |solated yields! Enantiomeric excess was determined by HPLC using a
chiral stationary phasé.After the irradiation with CPL, three rounds of
consecutive asymmetric autocatalysis were performed as previously de-
scribed (see ref 6 A 0.05 M solution ofrac-1 in 2-propanol (3.0 mL)
was degassed by flushing it with argon and was then irradiated with CPL
for a period of 4 days at 50C under an argon atmosphere. Then, the
irradiated alkanoll was purified by TLC and subjected to asymmetric
autocatalysis.
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Figure 2. CD spectra of R)- and §)-pyrimidyl alkanoll with >99.5% ee
in EtOH (1.0 mM) at room temperature.

These results clearly indicate the photochemical relationship
between the handedness of the CPL and the absolute configuration
of the resulting alkanoll. The correlation was rationalized by
considering the chiroptical properties of alkariolAs shown in
Figure 2, the CD spectra\¢ = A¢; — Ag;) of (R)-1 at 313 nm is
positive, which means thaR}-1 absorbd-CPL (A¢)) preferentially
to r-CPL (Ae). Thus, the irradiation of-CPL transforms R)-1
more rapidly than it transforms§f-1, leaving cryptochirdl (S-1.

The enantiomeric excess of the residui@fter ca. 10% oxidation
by CPL was below the detection level of our HPLC analysis using
a chiral stationary phasé However, as a result of the extraordinary
chiral amplification power of asymmetric autocataly$ighis
cryptochiral -1 was transformed into material of substantial
enantiomeric purity. CorrespondinglyCPL irradiation transforms
(9-1 preferentially, and cryptochiraRj-1 remained.

In summary, we have demonstrated the enantioselective synthesis

of near enantiopure compounds by asymmetric photodecomposition
of racemic pyrimidyl alkanol by circularly polarized light followed

g) Kondepudi, D. K.; Asakura, KAcc. Chem. Re®001, 34, 946-954.
(h) Siegel, J. SChirality 1998 10, 24—27. (i) Avetisov, V.; Goldanskii,
V. Proc. Natl. Acad. SciU.S.A.1996 93, 11435-11442. (j) Avalos, M.;
Babiano, R.; Cintas, P.; Jimez, J. L.; Palacios, J. Cletrahedron:
Asymmetry200Q 11, 2845-2874.
Kuhn, W.; Knopf, E.Z. Phys. ChemB 193Q 7, 292-310. (b) Bonner,
W. A.; Rubenstein, EBioSystem4987 20, 99—111. (c) Nishino, H.;
Kosaka, A.; Hembury, G. A.; Aoki, F.; Miyauchi, K.; Shitomi, H.; Onuki,
H.; Inoue, Y.J. Am. Chem. So@002 124, 11618-11627.
(3) Bailey, J.; Chrysostomou, A.; Hough, J. H.; Gledhill, T. M.; McCall, A.;
Clark, S.; Menard, F.; Tamura, Meciencel998 281, 672—-674.
(4) Flores, J. J.; Bonner, W. A.; Massey, G. A.Am. Chem. Sod 977, 99,
3622-3625. (b) Camphor with ca. 20% ee remains after 99% of
photodecomposition of racemate: Balavoine, G.; Moradpour, A.; Kagan,
H. B.J. Am. Chem. S0d974 96, 5152-5158. (c) Huck, N. P. M.; Jager,
W. F.; de Lang, B.; Feringa, B. LSciencel996 273 1686-1688. (d)
Suarez, M.; Schuster, G. B. Am. Chem. Sod 995 117, 6732-6738.
(e) Kagan, H.; Moradpour, A.; Nicoud, J. F.; Balavoine, G.; Tsoucaris,
G.J. Am. Chem. S0d971, 93, 2353-2354. (f) Bernstein, W. J.; Calvin,
M.; Buchardt, O.J. Am. Chem. Sod 972 94, 494-498. For reviews,
see: (g) Inoue, YChem. Re. 1992 92, 741-770. (h) Griesbeck, A. G.;
Meierhenrich, U. JAngew. Chem.Int. Ed. 2002 41, 3147-3154. (i)
Rau, H. InChiral Photochemistrylnoue, Y., Ramamaurthy, V., Eds.;
Marcel Dekker: New York, 2004; pp-144.
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